Work heart rates were taken from four subjects performing standardized bouts of work on the Monark Ergometer. Whilst a linear relationship was observed between heart rate and work intensity on any one day, it is evident that day to day variations in the position (intercept) of these lines exists. The slopes are virtually identical for all subjects and for different days, however the position of the lines differs widely both between and within subjects. The best linear regression equation developed for the prediction of heart rate after 180 seconds of work from pre-exercise heart rate and work intensity was found to have 95% confidence limits of ± 12.7 beats. Heart rates are reproducible 95% of the time to within ± 12.2 beats when pre-exercise heart rate is ignored.
INTRODUCTION
Most tests of physical work capacity (PWC) are based on a linear increase in heart rate with increasing oxygen uptake or work intensity. If the position and slope of this line can be determined from measurements made during submaximal exercise then probable values for PWC may be predicted. From previous studies in this laboratory the reproducibility of submaximal heart rate values has proved difficult, and whilst a linear relationship between heart rate and work intensity is usually found for each day, the position, i.e. the heart rate value read from the line at any particular work intensity, has shown considerable day to day variability. Clearly, any prediction of PWC from submaximal heart rate results is therefore suspect until more reproducible heart ratework intensity graphs are obtainable. METHOD Standardized bouts of work were conducted using the Monark Ergometer on four, male, First Year physical education students, selected randomly. Work intensities of 100, 150, 200 and 250 Watts were performed for each day, for four days, the order of intensity being random. The order was randomized by two Latin Square designs, the purpose being to avoid the high work intensity always associated with fatigue.
Heart rate was measured by direct lead E.C.G. immediate pre-exercise (PEHR) and every 20 seconds during the 3-minute bout of work. Approximately 20 minutes was allowed between each exercise run and the whole experiment was repeated on four days -Monday 9.00 a.m., Tuesday 11.00 a.m., Thursday 9.00 a.m. and Friday 9.00 a.m. of the same week. The experimental design was one of a statistical Latin
Cube.
RESULTS AND DISCUSSION 1. Graphical presentation
Graphs from two of the subjects ( Fig. 1 and 2) show that on any one day a linear relationship exists between heart rate and work intensity, as is usually observed. The problem is that the lines are not identical, in fact on subject SG two lines were obtained which were approximately 23 beats apart! (Fig. 1) . The most reproducible subject, DD gives lines approximately 15 beats apart. The slopes may be taken to be identical for all subjects and for different days, however the position of these lines differs widely both between and within subjects. This assumption of constant slope for all subjects over all days has been built into the statistical treatment. The points on any one line were taken at least 20 minutes and up to one hour apart. During that time the subjects assisted in light experimental duties and it was anticipated that this would be sufficient to make the results statistically independent -clearly this was not the case as the results for each line are separable and not clustered about one overall line. As a 20 minute interval does not in this case give independent results, then perhaps one result per day would be independent. Since it had been arranged that each subject began each day with a different work intensity it was possible to use the first run on each day to construct a complete heart rate -work intensity graph (Fig. 3) . Straight lines are no longer apparent, hence the linear relationship has been weakened. figure. The inference would appear to be one of equivalence, the 120 second work heart rate (WHR) would seem to be as indicative as the 180 second WHR. Whilst a 2-minute exercise bout would appear to give similar exercise results, it is felt that a 3-minute bout would be less sensitive to anomalies and would therefore be preferable (Table II) . The interaction between Subjects and Days was found to be highly significant (99.9%) which means that any given subject will show significant day to day variations in work heart rates. When the correction for this interaction was incorporated in the regression calculation, the confidence limits fell from ± 12.7 to ± 8.7 beats.
Why should~a subject's work heart rate vary so much from day to day? This considerable variation has been observed at all levels of work intensity, yet the variation is systematic, i.e. the slopes are the same but with different intercepts (10 beats high or low at 100 Watts will be 10 beats high or low at 250 Watts). Other parameters are now being studied in an attempt to explain these day to day variations and thereby eliminate the 'dummy' variable.
